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Abstract: The Kalamazoo River Watershed Land Conservation Plan was developed to select for 
conservation targets among ownership parcels in the Kalamazoo River Watershed (MI). The watershed, 
while historically degraded, features large areas of preserved Midwestern habitats. To facilitate for the 
permanent protection of these lands, this plan was developed using an ArcGIS-based analysis that 
scored ownership parcels based on the following conservation criteria: land cover, presence of wetlands, 
proximity to hydrology, proximity to existing conserved lands, presence of cold lands, and presence of 
threatened and endangered species habitat. These criteria were developed using a literature review of 
existing conservation plans and Kalamazoo River Watershed stakeholder input. The results from this 
analysis were used to identify conservation priorities, including: the top 100 scoring parcels in the basin, 
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The Kalamazoo River Land Conservation Plan (KRWLCP) is organized into the following 
sections: 
 Introduction and Background 
 Conservation Criteria 
 Ranking and Weighting 
 GIS Methods  
 Conservation Model Results 
 Area of Concern Conservation Strategy and Results 
 Discussion and Community Outreach  
1.1 Background (The Kalamazoo River) 
The Kalamazoo River Watershed drains a total area of 2,020 square miles in 
southwestern Michigan (MI) and includes portions of ten counties (Figure-1): Allegan, Barry, 
Calhoun, Eaton, Hillsdale, Jackson, Kalamazoo, Kent, Ottawa, and Van Buren (Kalamazoo 
River Watershed Council (KRWC), 2011). This drainage area makes the watershed the seventh 
largest river basin in the State of Michigan (Wesley, 2005). The main stem of the Kalamazoo 
River forms near Albion, MI at the confluence of the North and South Branches of the river and 
flows west for 123 miles before discharging into Lake Michigan near Saugatuck, MI (Kalamazoo 
River Watershed Public Advisory Council (KRWPAC), 1998). The North and South Branches of 
the river originate further upstream in southern Jackson County and northeastern Hillsdale 
County, respectively (KRWC, 2011). Measured from the headwaters of the South Branch to 
Lake Michigan, the river has a total length of 175 miles; additionally, the basin features 899 
miles of tributaries (Wesley, 2005).  
The Kalamazoo River and its basin have been significantly shaped by human activities. 
Archeological evidence suggests that there has been a human presence in the area for over 
11,000 years (KRWPAC, 1998). However, it was during the 19
th
 century that the watershed 
began to see major human impacts; during this era, the cities of Battle Creek, Kalamazoo, 
Parchment, Plainwell, and Otsego developed into commercial centers and began hosting 
industries such as cereal, pharmaceuticals, automobile parts, and paper production (KRWC, 
2011). Over this period, the basin saw further alterations in the form of dam and impoundment 
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construction. Currently, there are over 100 dams in the watershed, including 15 on the 
Kalamazoo River mainstem (Wesley, 2005). By the mid-20
th
 century, industrial contamination 
and other human stressors rendered the Kalamazoo River severely degraded. During this period, 
the river was considered an “eyesore” and largely avoided by the public (KRWPAC, 1998).  
However, since the passage of the Clean Water Act in the early 1970s, major efforts have been 
taken in the United States to restore surface waters. The Kalamazoo River is no exception and is 
much cleaner today than it was during this previous era. Thanks to regulation of point-sources 
and efforts to restore the river, the Kalamazoo River Watershed has seen an improvement in 
water quality, both in terms of clarity and safety, and is witnessing a return of diverse fish and 
clam communities (KRWC, 2011). 
 Today, the Kalamazoo River Watershed faces a different set of challenges.  Despite the 
recovery that has been made, the legacy of industrial contamination still looms large over the 
river, most notably in the form of polychlorinated-biphenyl (PCB) contamination from earlier 
de-inking practices utilized by the paper industry. This legacy is epitomized by the Kalamazoo 
River’s status as an Area of Concern (AOC) under the 1987 Great Lakes Water Quality 
Agreement (GLWQA) and the designation of an 80-mile stretch of the river from Morrow Lake 
dam to Lake Michigan as a federal “Superfund” site (KRWC, 2011). Additionally, while point-
source pollution has largely been controlled by the Clean Water Act, non-point source pollution 
still threatens the integrity of the basin’s surface waters. For example, Lake Allegan, a large lake 
formed by an impoundment west of Allegan, MI, suffers from eutrophication and has a Total 
Maximum Daily Load (TMDL) for total phosphorous due to non-point nutrient loading; several 
other TMDLs are also being targeted for development as a result of non-point source pollution. 
In addition to phosphorus, sediments and microbial pathogens are non-point source pollutants of 
concern within the watershed (KRWC, 2011).  Addressing these diffuse sources of pollution is of 
primary concern for the health of the Kalamazoo River Watershed moving forward.   
1.2 Purpose (The Land Conservation Plan) 
In March 2011, the KRWC completed the Kalamazoo River Watershed Management 
Plan (KRWMP) to provide a unified vision for water resource management in the Kalamazoo 
River Watershed. In doing so the KRWMP “sets a direction for policy and management 
decisions over at least the next decade and should be used as a guide for policy setting, decision-
making and prioritizing actions originating from funding agencies, governmental units, private 
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entities, organizations, and individuals” (KRWC, 2011). In order to provide for effective 
implementation, the KRWMP outlines a number of specific goals to be achieved; these goals not 
only promote the health of the watershed, but are also intended to serve as guideposts to assess 
progress and keep watershed stakeholders moving in the same direction. These goals are split 
into two categories: goals and objectives for restoring and protecting the designated uses of 
water bodies as required by state and federal water quality programs, and goals for achieving 
desired uses which have been identified by watershed stakeholders and do not necessarily 
pertain to water quality.  
A prominent component of the vision presented in the KRWMP, and featured specifically in 
its goals, is land conservation. The conservation of critical natural features present in the 
watershed is emphasized as an important strategy for preventing non-point source water 
pollution and protecting important ecosystem functions. Goals related to this strategy call for a 
watershed-wide conservation planning effort to prioritize lands to conserve. Specifically, the first 
designated use goal of the KRWMP calls for the development of a “watershed-wide land 
conservation vision” in an effort to “preserve and restore wetlands and open space”. 
Additionally, KRWMP “desired use” goals include the following: 
 
 Goal 1. Promote and implement coordinated land use planning in the Kalamazoo River 
Watershed 
 Goal 3. Protect open space and promote sustainable agricultural practices 
 Goal 4. Protect habitat for native aquatic and terrestrial wildlife 
 Goal 6. Improve recreation infrastructure along river while respecting natural features 
 
Thus, the purpose of the Kalamazoo River Watershed Land Conservation Plan (KRWLCP) 
is to address these goals and direct future conservation activities in the basin. To do so, the 
KRWLCP identifies lands in the watershed that are of the highest priority for conservation 
based on their natural features and contribution to the overall health of water bodies in the 
watershed. These high priority areas were identified using a geographic information system 
(GIS) overlay analysis that incorporated a set of conservation criteria derived from stakeholder 
input and the aforementioned goals detailed in the KRWMP. The KRWLCP is intended to serve 
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as an appendix to the KRWMP and provide a watershed-wide conservation strategy for the 
Kalamazoo River basin.  
1.3 KRWLCP Strategy 
There is a real opportunity to promote the health of the Kalamazoo River Watershed through 
land conservation. Despite its history of pollution, the watershed maintains an abundance of 
natural landscapes, including high quality headwater streams, wetlands, and floodplains. 
Additionally, the watershed features several large patches of contiguous forest and grassland 
areas and a number of state parks and game areas; in total, there are about 55,000 acres of 
publically owned land in the basin (KRWC, 2011).  Conserving critical areas will benefit the 
watershed by preserving important ecosystem functions that promote water quality and the 
overall condition of the basin. Additionally, conservation will prevent development in 
environmentally important areas, such as floodplains and wetlands. According to an analysis 
conducted by Kieser & Associates, LLC for the KRWMP, urban land cover only makes up 8% 
of the watershed’s area but may be responsible for up to 50% of overall non-point source 
phosphorous loading to the Kalamazoo River (Kieser & Associates, LLC, 2010). This figure 
speaks to significant contribution of developed land to non-point source pollution. Land 
conservation can mitigate this contribution by directing development away from particularly 
important natural areas.  
 To identify these high priority areas for conservation, the KRWLCP utilized ArcGIS 
software to perform an overlay analysis of the watershed. Overlay analysis is conducted by 
superimposing different types of spatial information regarding a location in order to study 
relationships (ESRI, n.d.). In the KRWLCP, GIS is used to “stack” a set of conservation criteria 
on top of each other to reveal areas in the watershed that, if conserved, stand to contribute 
positively to overall water quality. GIS overlay has been widely applied within the practice of 
land use management to provide decision support in a wide variety of contexts including 
agriculture, forestry, recreation, and transportation (Hamerlinck, 2010). Common applications 
involve solving site selection and site suitability problems (Armenakis & Nirupama, 2012). 
Using GIS to identify candidate areas for conservation is also a well-established practice (Foody, 
2008), as is its use in watershed management; for example, Zhang et al. (2011) describe the 
development of the Watershed Management Priority Indices which uses web-based GIS software 
to assist in watershed planning decisions. 
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Conservation of existing high quality landscapes, as opposed to the restoration of degraded 
landscapes, is the mainspring behind the KRWLCP GIS model. Identified below, and discussed 
further in Section 2.2, are the six conservation criteria utilized in the KRWLCP GIS analysis to 
identify high priority areas to focus future land conservation efforts. Unlike many conservation 
models, the KRWLCP utilizes criteria that emphasize the conservation of lands highly 
contributable to improved water quality within the watershed.  
 
 Current Land Cover 
 Presence of Wetlands 
 Hydrology Buffer 
 Proximity to Conserved Lands 
 Presence of Cold Streams 
 Threatened and Endangered Species  
 
A weighting and ranking scheme is used in the GIS conservation model to give emphasis to the 
most important of these conservation criteria. Weighting is a common practice in multi-criteria 
overlay evaluations such as this and is used to assign more importance to some criteria over 
others based on the objective of the analysis (Walke, Obi Reddy, Maji, & Thayalan, 2012). The 
weighting and ranking schemed utilized in the KRWLCP is detailed in Section 3.  
The conservation emphasis of the KRWLCP is in no way intended to devalue the restoration 
potential of lands identified by the conservation model. On the contrary, many of the Recovery 
Potential Indicators identified by the United States Environmental Protection Agency (USEPA) 
overlap with the conservation criteria identified by the KRWLCP and are utilized by the 
conservation model (USEPA, 2012). Restoration remains an important strategy in the 





2.0- Conservation Criteria  
In order to prioritize lands in the Kalamazoo River Watershed, the GIS conservation model 
identified ownership parcels in the watershed that exhibited high conservation values based on 
six conservation criteria: 
 
 Current Land Cover 
 Presence of Wetlands 
 Hydrology Buffer 
 Proximity to Conserved Lands 
 Presence of Cold Streams 
 Threatened and Endangered Species  
 
2.1 Criteria Selection 
In a collaborative effort, a planning team comprised of five students from the University of 
Michigan-School of Natural Resources and Environment (SNRE), the Southwest Michigan Land 
Conservancy (SWMLC), and the KRWC convened over an approximate six month period to 
discuss and ultimately decide on the conservation criteria used in the GIS conservation model. 
Throughout the process, experts in the field and stakeholders from within the Kalamazoo River 
Watershed were solicited for their local knowledge and understanding of conservation values and 
threats within the watershed.  
The conservation criteria used in the model were largely derived from protection priorities 
identified in the KRWMP. Specifically, section four of the plan entitled “Natural Features and 
their Protection” provides a list of natural features that are of particular importance for 
management and protection. Broadly, these natural features of importance include: 
 
 Terrestrial Ecosystems 
 Streams and Rivers 
 Lakes 
 Wetlands and Floodplains 
 Rare Species and Features 
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 Invasive Species  
 
Because this is a conservation plan, mitigation of invasive species already present in the 
watershed is not represented in the GIS conservation model. However, the remaining emphasized 
natural features are represented by one or more layer. Table-1 illustrates conservation criteria, 
aligned against KRWMP natural features of importance. The GIS methodology used in this plan 
is discussed in detail in Section 4. 
 
Table-1: Criteria and Natural Features Comparison 
Criteria  Data Layer KRWMP Natural Features  
Land Cover  C-CAP 2006 Terrestrial Ecosystems 
Wetlands NWI 2005 Wetlands 
Hydrology Buffer MiGDL 2009  Floodplain, Streams and Rivers, Lakes 
Proximity to Conserved Lands CARL Terrestrial Ecosystems 
Cold Streams WWAT Rivers and Streams Streams and Rivers  
Threatened and Endangered 
Species MNFI Rare Features and Species  
 
The conservation criteria were also influenced by input from a variety of watershed 
stakeholders. In June 2013, a watershed stakeholder meeting was held to begin the conservation 
planning process; this meeting was well-attended by representatives of numerous organizations 
and agencies active in watershed management in the basin. A list of stakeholder attendees at this 
meeting is included in Attachment-1. Attendees were given the opportunity to identify 
conservation ideals that should guide the KRWLCP as well as threats to water quality in the 
basin. The ideals and threats identified by stakeholders were used in the development of the 
conservation criteria; concerns were closely related to the natural features highlighted in the 
KRWMP. Table-2 illustrates how the GIS model criteria approximate certain conservation 






Table-2: Stakeholder Values and Threats 
Criteria  Stakeholder Conservation Values Stakeholder Conservation Threats 
Land Cover Landscape perspective, Ecosystem functions  Stormwater, Nutrient runoff 
Wetlands Water quality, Groundwater recharge Wetland loss, Nutrient Runoff 
Hydrology Buffer Tourism, Flood control, Water quality abatement Stormwater, Nutrient runoff 
Proximity to Conserved Lands Wildlife corridors, connectivity, recreation Fragmentation of habitat 
Cold Streams Recreation, Tourism, Habitat preservation Water Withdrawals, Temperature 
Threatened and Endangered 
Species Threatened Species protection, Habitat protection  Fragmentation of habitat 
 
2.2 Criteria Descriptions 
The subsequent sections detail the six conservation criteria used in the GIS conservation 
model to identify high priority parcels within the Kalamazoo River Watershed. 
2.2.1 Land Cover 
According to the USEPA, State reporting has identified non-point source pollution as the 
leading cause of water quality problems in the United States (USEPA, 2012). Because 
contaminated runoff from non-natural land covers is a principal component of non-point source 
pollution to surface waters, land cover is intimately linked with water quality. Scientific 
literature confirms that there is a strong relationship between land cover and water quality, with 
numerous studies documenting a correlation between water quality parameters and the 
proportion of different land covers within a watershed (Lee, Hwang, Lee, Hwang, & Sung, 
2009). For example, Roth et al were able to use GIS-derived estimations of land cover within the 
River Raisin Watershed (MI) to predict variations in index of biotic integrity (IBI) and habitat 
index (HI) scores at downstream sites (Roth, Allan, & Erickson, 1996). A number of 
mechanisms through which land cover affects stream ecosystems have been identified and 
studied, including: sedimentation, nutrient enrichment, contaminant pollution, hydrologic 
alteration, riparian clearing, and loss of large woody debris (Allan, 2004).  
In general, non-natural land covers have been associated with degraded water quality 
while natural land covers such as forest and grasslands have been linked to healthy watersheds. 
Within the Kalamazoo River Watershed, two land covers, urban and agriculture, have been 
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found to produce runoff that significantly contributes to water quality problems (Wesley, 2005). 
Currently, by land cover, the watershed is approximately 47% farmland, 21% forest, 9% open 
land, and 7% developed (KRWC, 2011); conserving key natural land covers in the watershed 
will prevent land cover-related water quality degradation as a result of conversion to a non-
natural land use. Agriculture, urban, and natural land covers in particular have a dramatic impact 
on watershed health and thus, have been given special consideration in the KRWLCP GIS 




Agricultural lands have been found to contribute to nutrient loading, bank instability, 
erosion, pesticides, pathogens, and lower levels of biodiversity in surface waters (USEPA Office 
of Water, 2011). It is believed that agricultural lands are accountable for approximately 46% of 
sediment, 47% of total phosphorus, and 52% of total nitrogen discharges into U.S. waterways 
(Allan & Castillo, 2007). Case studies confirm these findings and indicate that watersheds with a 
high proportion of agricultural land are likely to be subject to degraded water quality. A study of 
North Carolina streams found that the percentage of agriculture at the watershed scale was 
strongly related to poorer water quality as measured by benthic macroinvertebrate community 
structure (Potter, Cubbage, & Blank, 2004). Similarly, an analysis of 103 Wisconsin streams 
found that agricultural land cover was negatively correlated with IBI scores and habitat quality 




Urbanization is accompanied by the proliferation of impervious surfaces such as 
buildings and pavement which do not allow precipitation to infiltrate into the ground. These 
impervious surfaces increase the volume of stormwater runoff, which has the potential to carry 
sediment, nutrients, toxic chemicals, road salts, heavy metals and other harmful pollutants into 
surface waters (USEPA, 2013). Streams suffering from the impacts of urbanization are often 
afflicted with what has come to be known as “urban stream syndrome”, symptoms of which 
include: flashier hydrographs, increased levels of nutrients and contaminants, and reduced biotic 
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richness and diversity (Wallace, Croft-White, & Moryk, 2013). Consequently, the proportion of 
urban land within a watershed has been statistically linked with changes in biological 
communities within streams. For example, of several land cover categories studied, percent 
urban land was found to be most strongly associated with benthic macroinvertebrate IBI scores 
in a study conducted in Western Washington (Morley & Karr, 2002). Additionally, impervious 
surfaces have the potential to alter both the hydrology and geomorphology of streams as they are 
forced to respond to altered amounts of runoff and decreased infiltration (Paul & Meyer, 2001).   
 
Natural Land Covers 
 
While agriculture and urban land covers are correlated with water quality degradation, 
natural land covers including forest, wetlands, and grasslands exhibit the opposite relationship.  
In the River Raisin Watershed, IBI and HI scores were found to be higher in sites that contained 
a higher proportion of natural vegetated land (Roth, Allan, & Erickson, 1996). Likewise, the 
proportion of forest cover within a watershed has been correlated with better stream conditions in 
North Carolina (Potter, Cubbage, & Blank, 2004). In general, natural land covers have been 
associated with reduced pollutant runoff and normal flow dynamics and their presence within a 




Land cover is represented in the KRWLCP GIS model through the layer 2006 Coastal 
Change Analysis Program (C-CAP).  
2.2.2 Wetlands 
While various natural land cover types, including forests and grasslands, are linked to 
overall watershed health, wetlands have been widely recognized for their added contributions to 
improved water quality. Important wetland functions include an ability to store large volumes of 
water, filtration capabilities, and enhanced biological productivity (USEPA, 2001). Increasingly, 
these ecosystem services are being recognized and quantified for their economic benefits, 
including flood control, contributions to improved drinking water, fisheries health, recreational 
benefits and more (USEPA, 2006).  
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Water Storage and Water Quality 
 
Wetlands, especially those located within floodplains or in close proximity to open water 
bodies, are recognized for their ability to act as sponges, providing water storage capacity and 
mitigating the effects of flash floods and extreme runoff events (Carter, 1997). While a single 
wetland’s water storage capacity varies depending on its physical, chemical, and biological 
attributes, an average one-acre wetland can store approximately one million gallons of water 
(USEPA, 2006). Additionally, many wetlands are able to function as sediment, nutrient, and 
pollutant sinks, though the ability of a wetland to perform any of these functions varies 
depending on its specific features. However, in general, watersheds with more wetlands tend to 
have lower concentrations of nutrients, suspended solids, and other pollutants when compared to 
watersheds with few or no wetlands (Carter, 1997).     
 
Biological Productivity  
 
Wetlands are recognized as being biologically productive ecosystems, providing habitat 
for both terrestrial and aquatic life (USEPA, 2001). The biological significance of wetlands is 
compounded by their relatively low abundance when compared to historic land cover data. Many 
wetlands serve as home to threatened and endangered species of both flora and fauna within 
Michigan, and exist as unique environments in and of themselves.   
 
Wetland Trends in Michigan       
 
Historically, southern Michigan has lost an approximated 66% of wetlands (roughly 
3,320,000 acres) when compared to pre-European land cover data (MDEQ, n.d.). Currently, 
wetlands make up approximately 13% of the Kalamazoo River Watershed land cover which is 
comparable to the statewide average for Michigan’s Lower Peninsula (KRWC, 2011). Figure-3 







The GIS conservation model utilizes the 2005 National Wetlands Inventory (NWI) layer 
to represent the wetlands conservation criteria.   
2.2.3 Hydrology Buffer 
For the purpose of the KRWLCP, the hydrology buffer criterion is included to capture the 
value of those lands which, because of their spatial relationship to surface water bodies, act as 
riparian buffer zones. The criterion also serves to capture the value of those lands that reside 
within the 100-year floodplain of the Kalamazoo River and its tributaries.   
 
Riparian Buffer  
 
Riparian buffers, for the purpose of the KRWLCP, are vegetated lands (lands dominated 
by natural land cover) that are located adjacent to or within some proximity to surface water 
bodies such as rivers, streams, lakes, and open wetlands. Riparian vegetative buffer strips are 
valued for their contributions to adjacent water bodies, including stream temperature moderation, 
sediment reduction, and nutrient reduction (Osborne & Kovacic, 1993). Given the dynamic 
nature of non-point source pollution within the Kalamazoo River Watershed, there is no “one 
size fits all” prescription for riparian buffer size or location. Specific site conditions, such as 
topography, geology, hydrology, and land use need to be taken into consideration when 
determining the most effective riparian buffer width and location for any given site. While buffer 
strips as small as 1-25 meters in width have been found to be effective at removing nutrients, 
some studies suggest land covers as far as 4,000 meters away are directly linked to sediment and 
nutrient levels in adjacent water bodies (Houlahan & Findlay, 2004). These findings suggest that 
small scale solutions, only focusing on individual sites within a close proximity to open water, 
may be unsuccessful in addressing water quality problems at the watershed scale. Thus, those 
natural lands located both directly adjacent to water bodies, as well as those located many 
thousands of feet away, should be recognized for their potential ability to influence the overall 






Floodplains   
 
The Federal Emergency Management Agency (FEMA) defines the 100-year floodplain as 
the area that has a one-percent chance of being inundated by a flood during any given year 
(FEMA). Within the context of the KRWLCP, this area is recognized for its potential to contain 
lands with many of the qualities associated with riparian buffers. Additionally, it is 
acknowledged that the conservation of lands within the 100-year floodplain may have economic 
benefits to communities, including the mitigation of costly flood damage, recreational 




The hydrology buffers used in the KRWLCP GIS model were created using the Stream 
Rivers Assessment Units and Inland Lake Assessment Units layers downloaded from the 
Michigan Geographic Data Library. These two layers were combined to represent all surface 
water bodies. 
2.2.4 Proximity to Conserved Lands 
Parcels that are in close proximity to existing conserved lands in the watershed are given 
priority in the KRWLCP for logistical reasons. With over 55,000 acres of land already in a state 
of preservation, the watershed features a vast network of conserved and recreational lands 
(Figure-4). For the organizations and agencies tasked with managing these lands, adding 
additional acreage in close proximity to these preserves makes practical sense. Maintaining 
additional preserves will require significant work but can be made easier for land managers by 
prioritizing areas near existing conserved lands. Additionally, prioritizing parcels near existing 
conserved lands allows for the expansion of the watershed’s existing recreational infrastructure 
and will provide the public with greater opportunity to utilize them. 
From a landscape-level perspective, the KRWLCP seeks to identify opportunities where 
adjacent parcels can be added onto already conserved lands. While the focus of this plan is water 
quality, conserving contiguous patches of natural land can provide significant benefits to 
terrestrial ecosystems and opportunities to do so should be considered. Habitat fragmentation, 
broadly, occurs when human-induced land conversion results in disjointed patches where 
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contiguous habitat once existed (Lewis, Plantinga, & Wu, 2009). Such fragmentation is thought 
to threaten biodiversity and compromise the integrity of ecological systems through a variety of 
mechanisms such as edge effects, creating conditions that encourage exotic species invasion, and 
general habitat loss and isolation (Collinge, 1996). Using spatial models to simulate landscape 
management decisions, Huxel and Hastings (1999) found that restoring habitats adjacent to 
existing habitat can increase the efficacy of species recovery projects. This study speaks to the 
importance of considering adjacency in land use management decisions. To this end, the 




Conserved lands are incorporated into the GIS model using the Conserved and 
Recreational Lands (CARL) layer developed by Ducks Unlimited (Ducks Unlimited, n.d. ). For 
Michigan, this data includes conserved and recreational lands owned or protected by a variety of 
public and private organizations (The Nature Conservancy, 2007). 
2.2.5 Cold Streams 
Cold streams are a unique feature of the Kalamazoo River Watershed that warrant special 
consideration in the KRWLCP.  As defined by the Michigan Department of Natural Resources 
(MDNR) - Fisheries Division, cold streams are those which typically have drainage areas of less 
than 80 square miles and maintain mean water temperatures of less than 63.5 degrees Fahrenheit 
during July (Institute of Water Research, Michigan State University, 2008). Cold streams in the 
Kalamazoo River Watershed obtain their distinct thermal characteristics via a significant 
contribution of groundwater (Wesley, 2005). According to the KRWMP, the cold streams in the 
basin represent some of the southernmost trout streams in the Midwest (KRWC, 2011). Cold 
streams provided habitat to a unique assemblage of fish including the brook trout, a sought-after 
game fish and the state fish of Michigan (MDNR, n.d.). Further, recreational activities related to 
the brook trout fishery provide significant revenue to the state of Michigan (Hamilton & 
Seelbach, 2011). Current cold stream distribution in the Kalamazoo River Watershed is 







Unfortunately, land cover changes threaten to warm temperatures in cold streams, which 
can have deleterious effects on their biological communities. In particular, two land cover 
mechanisms that threaten cold streams in the Kalamazoo River Watershed have been identified 
in the KRWMP: increased stormwater as a result of impervious surfaces or the loss of riparian 
vegetation and reduced canopy cover as a result of riparian vegetation removal (KRWC, 2011). 
Fortunately, maintaining natural vegetation in riparian areas adjacent to cold streams can 
mitigate these impacts. For example, vegetation can interrupt and filter stormwater runoff and 
also provide shade from the sun to small streams (MDNR; MDEQ, 2009).  
It is also important to consider the impact that land cover change can have on 
groundwater recharge. Because cold streams often maintain cold temperatures as a result of high 
contributions of groundwater flow, they can be significantly influenced by recharge rates. A 
study conducted in coldwater tributaries of the Muskegon River (MI) found that land cover 
alterations that affect recharge have the potential to influence the ability of streams to support 
brook trout (Waco & Taylor, 2010). For example, the conversion of grassland to urban land was 
predicted to increase stream temperatures as a result of reduced groundwater recharge (Waco & 
Taylor, 2010). For this reason, natural land covers near cold streams are given priority in the 





Cold streams are identified in the GIS conservation model using the “Streams and 
Rivers” layer utilized in Michigan’s Water Withdrawal Assessment Tool (WWAT). This data 
layer uses a fish assemblage classification system that categorizes river segments by size and 
temperature using the variables drainage area and July mean water temperature, respectively 
(Hamilton & Seelbach, 2011).  
2.2.6 Threatened and Endangered Species 
The rare species of southwest Michigan are of environmental and cultural importance, 
adding value to the landscape via biodiversity, ecosystem services, recreational opportunities, 
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and intrinsic value. While biodiversity is valued in and of itself, the habitats that support 
threatened and endangered species are also recognized as containing desirable qualities, 
representative of overall ecosystem health and resiliency (FWS, n.d.). Unfortunately, the rare 
species of the Kalamazoo River Watershed are threatened by anthropogenic and natural 
stressors, including climate change, land use changes, habitat fragmentation, and invasive 
species (KRWC, 2011). Through the identification and conservation of the habitats that support 
threatened and endangered species, it is anticipated that these recognized threats can be 
alleviated. 
 
Rare Species in the Watershed   
 
The Kalamazoo River Watershed includes portions of 10 southwest Michigan counties. 
In total, these counties contain nine (9) federally endangered and three (3) federally threatened 
species of flora and/or fauna. Table-3 summarizes the number of federally and state listed 
endangered and threatened species by county. Threatened and endangered species data were 
obtained through the Michigan Natural Features Inventory (MNFI) website.  
 
Table-3: Number of Federally and State Listed Threatened and Endangered Species by County 
County State Endangered State Threatened Federal Endangered Federal Threatened 
Allegan 15 50 1 1 
Barry 10 29 2 1 
Calhoun 12 22 1 2 
Eaton 6 10 1 2 
Hillsdale 15 18 3 1 
Jackson 10 27 2 0 
Kalamazoo 18 62 2 0 
Kent 13 45 3 0 
Ottawa 9 27 0 1 






GIS Layer and Model 
 
Threatened and endangered species are represented in the GIS conservation model 
through the Biological rarity index and probability value GIS layer developed by the Michigan 
State University Extension as part of the Michigan Natural Features Inventory. For the purposes 
of the KRWLCP, the Probability Model was utilized to determine the likelihood that a 
threatened or endangered species exist in a given area. The probability model takes into 
consideration the spatial extent of an occurrence (sighting of a rare species), the presence of 
suitable habitat for the observed species, and the date of the most recent occurrence (Schools, 
Enander, & Paskus, n.d.). Based on combinations of the above criteria, an area within the model 
receives a probability score of high, medium, or low. Given the inclusion of suitable habitat 
conditions, the probability model allows the user to focus conservation efforts in areas where 





















3.0-Weighting and Ranking of Conservation Criteria  
The conservation criteria used in the KRWLCP each received a weighting based on their 
relative importance to water quality or the general health of the watershed. These weights acted 
as a multiplier and were used to add emphasis to the most important criteria in the GIS 
conservation model. In addition to a weight, each criterion featured an internal ranking that 
assigned a value to the categories found in the data layer’s attribute of interest. These ranking 
scores were based on each category’s impact to water quality and the health of the watershed. To 
illustrate, consider the criterion of land cover. The data layer that represents land cover contains 
an attribute which describes land cover categories such as urban or forest; each attribute within 
this category was ranked based on its water quality or ecological impact. The weightings and 
rankings utilized in the GIS conservation model are shown in Table-4. The following sections 
will describe the weighting and ranking decisions in detail. 
 
Table-4: Criteria Weighting and Ranking 
Data Layer Weighting 
(10 in sum) 










Wetlands 3.0 Presence (all types) 
Others (open water) 
3 
0 
Hydrology Buffer 2.0 Within 1000ft of hydrology  
Within 2000ft 
Within 3000ft 







1.0 Within 1 mile of conserved lands 
Within 2 miles 
Within 3 miles 























In order to calibrate the conservation model to select for priority lands, numeric weights 
(multipliers) were assigned to each criterion. An individual criterion’s weight, relative to other 
criteria, was selected based on its natural features and contribution to overall water quality within 
the watershed. In determining the appropriate weight, the planning team performed an applicable 
literature review and coordinated with experts in the ecological, biological, and natural resource 
management fields. Additionally, local stakeholder input was considered when determining the 
final weighting scheme.   
The weighting process was carried out in an iterative manner, allowing for recalibration 
and course-correction, as necessary. Three parcels within the watershed were used as “dummy 
parcels” to calibrate the model against. Each parcel had a predetermined conservation value, 
agreed upon by the planning team. The model was regulated to ensure that the final conservation 
model “output” scored the dummy parcels appropriately. The GIS analytical methods are further 
discussed in Section 4. Final results, including scores obtained for the dummy parcels are 
presented in Section 5.3.   
 
3.2 Ranking 
The conservation criteria are included in the GIS conservation model as individual raster 
layers. With the exception of the land cover and threatened and endangered species, data was 
obtained in vector format and had to be rasterized. Each criterion was thus incorporated into the 
model as a data layer that contained a grid of cells populated by discrete attribute values 
representing some environmental information about that location in the watershed. These 
attribute values were assigned based on the internal ranking described in Table-4. Rankings 
reflected the contribution of the attribute to water quality or the general health of the watershed. 
These values ranged from 0-3 with higher scores representing greater ecological importance; 
specifically, a score of three represented HIGH water quality or ecological value, a score of two 
represented MEDIUM value, a score of one represented LOW value, and zero represented NO 
value. It was not necessary to assign all ranks (0-3) within each data layer and in many cases, 
ranking simply expressed the presence (a score of three) or absence (a score of zero) of an 
important natural feature.  
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Land Cover  
 
In the land cover layer, all natural land covers (forest and grasslands) were given a value 
of three, indicating highest water quality value. This ranking was based upon previously cited 
literature which found natural land covers to be correlated with healthy watersheds. All other 
land covers, including various types of agriculture and developed land were given a value of zero 
because they have not generally been found to contribute positively to water quality.  
 
Wetlands and Cold Streams 
 
Within both the cold stream and wetland layers, cells which indicate the presence of a 
cold stream or a wetland respectively were given a rank of three. This was to reflect the 
ecological value of both of these natural features and their relative uniqueness within the 





For the proximity to water criterion, cells that fell within 1000 feet of a water body were 
assigned a rank of three and were intended to capture both natural floodplain and riparian areas. 
This 1000 foot distance was based on the KRWMP, which explicitly states “riparian areas, 
perhaps as much as 1000 feet in width if specific detail on runoff is not available, define a zone 
where land use needs to be scrutinized more carefully” (KRWC, 2011). Cells which fell 1000-
2000 feet from a water body were assigned an attribute value of two and cells that were within 
2000-3000 feet of a water body received a value of one. These rankings were designed to 
prioritize lands that were closer to water bodies rather than distant, upland areas. This was based 
on the assumption that parcels closer to water bodies exhibit a greater influence on water quality. 
It should be noted that one study found a relationship between land cover 2,250 meters away and 





Proximity to Conserved Lands  
 
Cells that fell in close proximity to existing conserved lands were given priority over 
those further away; this ranking was achieved by assigning attribute values in one-mile intervals. 
Cells that fell within one mile of a conserved land received a rank of three, cells that were one to 
two miles away from a conserved land received a rank of two, and cells that were two to three 
miles away from a conserved land received a rank of one. Cells that were not within three miles 
of a conserved land were assigned a rank of zero.  
 
Threatened and Endangered Species 
 
The threatened and endangered species criterion was assigned rankings based on the 
probability of encountering a rare species in that location. The MNFI probability model utilized 
by the KRWLCP contains the attribute “probability value”, which places cells into the following 
categories: no status, low probability of encountering a rare species, medium probability of 
encountering a rare species, and high probability of encountering a rare species. Within the 
KRWLCP GIS conservation model, a rank of three was assigned to cells in the high category, a 
rank of two to cells in the medium category, a rank of one to cells in the low category, and a rank 
of zero to cells in the no status category. This ranking was intended to prioritize ownership 












4.0-GIS Methodology  
The GIS analysis for the KRWLCP was conducted in two phases. The first was a raster 
overlay analysis that “stacked” the six conservation criteria layers upon 30X30 meter pixels to 
create a priority index map (Figure-6). The second phase used the ArcGIS zonal statistics tool to 
assign conservation scores to ownership parcels based on the 30X30 meter pixels in the priority 
index map.  
4.1 Preparation of Data Layers 
Once the data layers representing the six conservation criteria were obtained, they were 
used in a raster overlay analysis. Several of the layers had to be modified in order to do this. The 
wetlands, cold streams, hydrology, and conserved lands layers were acquired as vector layers and 
were converted into raster format to be used in this analysis. Table-5 shows the data layers used 
in this analysis and their original format. The conservation criteria “proximity to conserved 
lands” and “hydrology buffer” gave preference to areas nearer to conserved lands and open 
water, respectively (see Section 2.2). In order to reflect this, the Euclidean distance tool in the 
ArcGIS ArcMap tool box was used to create a series of buffers around these features. For the 
“hydrology buffer” criteria, a new raster layer was created with buffers of 1,000, 2,000, and 
3,000 feet around water bodies. For “proximity to conserved lands”, a new raster layer with 
buffers of one, two, and three miles surrounding conserved lands were created.  
 
Table-5: Criteria Layer Formats (Original)  
Criteria  Layer Type 
Land Cover Raster 
Wetlands Vector 
Hydrology  Vector 
Conserved Lands Vector 
Cold Streams Vector 
Threatened and Endangered Species Raster 
 
Based on the ranking determinations described in Section 3.2, attributes within the six 
layers were reclassified. This was done to establish the high, medium, and low ecological 
26 
 
importance of the respective attribute categories in each layer. Tables 6-11 show how these layer 
attributes were reclassified. 
 




Developed, High Intensity 0 
Developed, Medium Intensity 0 
Developed, Low Intensity 0 
Developed, Open Space 0 
Cultivated Crops 0 
Pasture/Hay 0 
Grassland/Herbaceous 3 
Deciduous Forest 3 
Evergreen Forest 3 
Mixed Forest 3 
Scrub/Shrub 0 
Palustrine Forested Wetland 0 
Palustrine Scrub/Shrub Wetland 0 
Palustrine Emergent Wetland  0 
Estuarine Forested Wetland 0 
Estuarine Scrub/Shrub Wetland 0 
Estuarine Emergent Wetland 0 
Unconsolidated Shore 0 
Bare Land  0 
Open Water 0 







Table-7: Wetlands Reclassification 
Old Value New Value 
Aquatic Bed 3 
Aquatic Bed Mix 3 
Emergent 3 
Emergent Mix 3 
Forested 3 
Forested Mix 3 
Open Water 0 
Scrub Shrub 3 
Scrub Shrub Mix 3 
Shore 0 
 
Table-8: Hydrology Buffer Reclassification 






Table-9: Proximity to Conserved Lands 
Reclassification 
Old Value New Value 
0-1 mile 3 
1-2 miles 2 
2-3 miles 1 











Cool Small River 0 
Cold Stream 3 
Cool Stream 0 
Warm Stream 0 
Cold Transitional Stream 0 
Cold Transitional Small River 0 
Warm Large River 0 
Warm Small River 0 
 
Table-11: Threatened and 
Endangered Species-Reclassification 
Old Value New Value 
No Status 0 




4.2 Raster Overlay Analysis 
Figure-7 depicts the model used in the raster overlay analysis. Blue ovals indicate the 
input raster layers for the six conservation criteria and green ovals show intermediate and final 
output raster layers. Yellow boxes show where various model tools were utilized. The yellow 
“reclassify” boxes represent where “proximity to conserved lands”, “cold streams”, and 
“threatened and endangered species” were reclassified as described above in Tables 9-11. Not 
shown here is the reclassification of “land cover”, “wetlands”, and “hydrology buffer”; these 
layers were reclassified separately, to allow for smoother model processing. For the input “cold 
streams” layer, the processing extent used in the reclassification step was defined by the “land 
cover” layer extent. This was done in order to ensure that the “cold streams” output layer 
covered the entire extent of the Kalamazoo River Watershed.  
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Once the data layers were reclassified, they were “stacked” upon each other using the 
raster calculator tool along with the Kalamazoo River Watershed boundary layer, which 
restricted the analysis to the extent of the watershed. To incorporate the weights described in 
Section 3.1, the raster calculator tool used the following formula: 
 
(2.75 × Land Cover + 3 × Wetlands + 2 × Hydrology Buffer + 1 × Conservation Reclass + 0.75 
× Cold Streams + 0.5 × MNFI Reclass) × Watershed Boundary  
 
This raster calculation resulted in raw overall prioritization scores for each of the 30x30 meter 
grid cell pixels within the watershed.  
In the final step of the overlay analysis, raw output index scores were transformed to a 
more user friendly scale ranging from 0-100 through the use of the stretch formula tool. A mask 
of conserved and developed lands was applied to the stretch formula in order to remove these 
pixels from the prioritization analysis and only include scores for natural lands that are not 
currently conserved. The scores were stretched to a 0-100 scale using the following formula:  
 
((Output 1 - 0) × 100) / (30 - 0) × Conserved and Developed Land Mask 
 
This last step produced a final raster output layer of overall prioritization index scores from 0-
100 for the natural land pixel grid cells within the boundaries of the Kalamazoo River 
Watershed. Conserved lands were excluded from the final priority index map because the 
planning team wanted to identify new conservation opportunities, not those which are already in 
a state of conservation. Developed lands were excluded because they were thought to be of low 
ecological value.  
4.3 Zonal Statistics  
The raster overlay analysis produced a final map of conservation scores for 30x30 meter 
raster grid cell pixels. However, pixels do not offer practical conservation targets and thus, 
conservation scores were assigned to ownership parcels. To do this, it was necessary to 




Original parcel datasets were provided by each of the ten counties in the Kalamazoo 
River Watershed. For the following analysis, these parcels were fit to the extent of the watershed 
using the ArcGIS ArcMap clip tool. These individual datasets were then combined into a single 
layer using the ArcGIS ArcMap merge tool. Only parcels greater than or equal to 20 acres 
were added to the parcel layer, given their greater and more practical conservation/land 
management benefits. In this way, parcel size could be considered as a seventh criterion used by 
this analysis to identify important lands to conserve.  
To assign conservation scores to the vector parcels based on the raster pixel priority index 
map, the ArcGIS ArcMap zonal statistics tool was used. The final raster output priority index 
layer was used as the input value layer and the parcel data was used as the zonal layer. The 
resultant output table contained the statistical results (minimum, maximum, range, mean, 
standard deviation, summation) of the conservation value of the input pixels within each parcel. 
This output table was joined with the parcel layer data based on parcel IDs. Figure-8 illustrates 





















The KRWLCP GIS analysis assigned conservation scores to all parcels in the watershed 
with an area greater than or equal to 20 acres, excluding developed lands and lands that are 
currently in a state of conservation. These scores were derived from the conservation criteria 
described in Section 2, ranked and weighted as described in Section 3. The initial raster overlay 
analysis assigned these scores to 30X30 meter pixels (Figure-6). Ownership parcels were then 
assigned scores based on the pixels that fell within each of their bounds using the ArcGIS zonal 
statistics tool.  
From the output produced by the zonal statistics tool, each ownership parcel received a 
value representing the maximum, minimum, mean, range, standard deviation, and sum of the 
pixels within its bounds. The mean value was used as the final conservation score for each 
parcel, as the planning team did not want parcels to be targeted or ignored based on extreme 
maximum or minimum values.  Of the 15,668 applicable parcels, conservation scores ranged 
from zero to sixty-nine (0-69.2), with the highest possible score being 100.   
From these conservation scores, conservation priorities can be established for the 
Kalamazoo River Watershed. To do so, the output from the KRWLCP GIS analysis was used to 
identify the following conservation opportunities: 
 
 Top 100 parcels based on conservation score 
 Parcel priority tiers to guide land acquisition efforts 
 Priority Hydrologic Units (HUCs) for localized conservation  
 
These opportunities are described in subsequent sections and provide tangible targets for 
watershed stakeholders involved in land conservation.  
 
5.1 Top 100 Parcels 
Based on the results, 100 parcels were identified as having the top 100 conservation 
scores. Scores were based on the mean pixel value within each parcel. In total, approximately 
4,218 acres are contained within the top 100 parcels. Conservation scores for the top 100 parcels 
range from 59.2-69.2. A map of the top 100 parcels within the Kalamazoo River Watershed is 
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illustrated in Figure-9. While the top 100 parcel analysis is a useful approach to identifying top 
priority parcels, more focused conservation efforts will likely incorporate local environmental 
and socioeconomic conditions to truly assess conservation value(s) of individual parcels.   
The top 100 parcels, along with identification information, were compiled into a 
Microsoft Excel database and are contained in Attachment-2. In some cases, complete 
identification information (e.g. parcel address) could not be obtained for the top 100 parcels.       
 
5.2 Priority Tiers 
To examine the highest scoring parcels in greater detail, parcels were aggregated into 
three tiers based on their conservation scores. Tier one included the top 10% scoring parcels, tier 
two included the following 10% scoring parcels (11%-20%), and tier three included those parcels 
scoring between the top 21%-30%. Parcels outside of the top 30% scoring parcels were 
categorized as having modest conservation value. Priority acreage and score range, based on tier, 










Parcels falling in the top two tiers, representing the top 20% scoring parcels, are 
considered to be initial conservation priorities of the KRWLCP. Given that 15,668 parcels were 
included in the GIS analysis, this top 20% yields 3,134 parcels. Based on past experiences from 
local conservation groups, including the SWMLC, this provides a practical number of parcels on 
which to focus future conservation efforts. In total, these 3,134 conservation priority parcels 
include nearly 142,133 acres, representing approximately 11% of the total acreage within the 
Kalamazoo River Watershed (1,300,164 acres). The grand mean (mean of means) for 
conservation scores in the top 20% was approximately 49.36.    
Table-12: Priority Tier Analysis  
  Total Acres Score Range 
Tier 1 68,460.07 48.75-69.17 
Tier 2 73,673.24 42.17-48.75 
Tier 3 81,011.09 36.61-42.17 
Total 223,144.40 0-69.17 
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In order to provide for the pursuit of these conservation priorities, the 3,134 parcels that 
compose the top 20% were compiled into a Microsoft Excel database. For each parcel, the 
database includes information regarding its conservation score and also landowner, location, and 
contact information. It is the hope of the planning team that this database will be used and 
distributed in an effort to engage landowners regarding the conservation of these priority lands.  
5.3 Dummy Parcels and “Ground-Truthing”  
In order to calibrate the conservation model, the planning team relied on three parcels 
with unanimously agreed upon conservation values and a form of “desktop ground-truthing” to 
compare against different model outputs. The first parcel (Parcel 1) is located in Kalamazoo 
County. The 35 acre parcel contains a mix of upland forests (primarily oak), prairie fen wetlands, 
and a natural groundwater spring. It was unanimously agreed upon by the planning team that 
Parcel 1 is of high conservation value, and should be reflected as such in the conservation model. 
Parcel 1 received a conservation score of 50.5 which places it in the top tier of priority parcels. 
Photographs of Parcel 1 are provided in Attachment-3.  
The second parcel (Parcel 2) is located in Calhoun County. The 90 acre parcel contains a 
mix of upland forest (primarily maple, oak, and aspen), minimal agriculture, and a small area of 
forested wetland. No streams, rivers, or lakes run through or border Parcel 2. It was unanimously 
agreed upon by the planning team that Parcel 2, while a natural landscape, is of medium to 
modest conservation value when considering impacts to overall water quality within the 
watershed. Parcel 2 received a conservation score of 41.9 which places it in the third tier of 
priority parcels. Photographs of Parcel 2 are provided in Attachment-3. 
The third parcel (Parcel 3) is located in Calhoun County, and adjacent to Parcel 2. The 88 
acre parcel contains approximately 95% grassland with patches of deciduous and coniferous 
trees and minimal agriculture. No streams, rivers, lakes, or wetlands run through or border Parcel 
3. It was unanimously agreed upon by the planning team that Parcel 3, while a natural landscape, 
is of modest conservation value when considering impacts to overall water quality within the 
watershed. Parcel 3 received a conservation score of 19.6 which places it in the “modest value” 




5.4 HUC Analysis  
Within the Kalamazoo River Watershed, there are 75 12-digit HUCs representing the 
subwatersheds that compose the basin. The results from the KRWLCP were used to determine 
which of these subwatersheds contain the largest amount of priority conservation parcels; those 
HUCs which contain a disproportionately large number of priority parcels are considered priority 
HUCs. Prioritization of HUCs was determined based on the total acreage of tier one and tier two 
parcels (representing the top 20% scoring parcels) falling within HUC boundaries. The Priority 
HUCs identified are candidates for future conservation efforts and planning at a subwatershed 
scale and their preservation will contribute to the overall health of the Kalamazoo River 
Watershed. In effect, these priority HUCs can also be thought to represent important clusters of 
priority conservation parcels and can be used to spatially focus conservation efforts. 
 Based on this analysis, four HUCs were identified as priority based on the 4,000+ acres 
of tier one and tier two parcels that they contain. The 4,000 acre break was mainly chosen for 
illustrative purposes, and thus should not devalue those subwatersheds with fewer priority 
parcels. While the subwatershed analysis is a useful approach to identifying clusters of top 
priority parcels, more focused conservation efforts will likely incorporate local environmental 
and socioeconomic conditions to truly assess conservation value(s). Table-13 details these four 
priority HUCs in the Kalamazoo River Watershed. The 75 subwatersheds (Top 10 identified) are 
illustrated in Figure-11. The four top scoring subwatersheds are illustrated in Figures 12-15. 
 
Table-13: HUC Analysis Summary Stats 
HUC Name No. of Tier 1 and 2 Parcels Tier 1 and 2 Acres 
Swan Creek 128 5,548.31 
Wanadoga Greek 106 4,770.26 
Fenner Creek-
Gun River 99 4,321.36 




6.0-Kalamazoo River Area of Concern 
6.1 Background  
Under the GLWQA, originally signed by the US and Canada in 1972, fourteen AOCs 
were identified within the state of Michigan. As defined by the GLWQA,  AOCs are “[…] 
geographic areas that fail to meet the general or specific objectives of the agreement where such 
failure has caused or is likely to cause impairment of beneficial use of the area's ability to 
support aquatic life” (USEPA). Under the agreement, the Kalamazoo AOC is listed as containing 
eight of a possible 14 beneficial use impairments (BUIs). The original remedial action plan 
(RAP), drafted in 1987 and redrafted in 1998 was prepared to identify and address the status of 
the eight Kalamazoo River AOC BUIs. Per the GLWQA, the RAP is updated every three years 
by the Michigan Department of Environmental Quality (MDEQ) Office of the Great Lakes 
(OGL), in cooperation with the USEPA Great Lakes National Program Office. At present, two of 
the eight BUIs identified for the Kalamazoo River AOC have been removed (McCarthy, 2014). 
Additionally, in 1990 the Kalamazoo AOC site was added to the USEPA national 
priorities list (NPL) per the Comprehensive Environmental Response, Compensation and 
Liability Act (CERCLA). Under CERCLA, the USEPA divided the Kalamazoo River Superfund 
site into five operable units (OUs) (MDEQ-OGL, 2012). The OUs are as follows:  
 
• OU #1, Allied Paper Property/Bryant Mill Pond Area;  
• OU #2, Willow Boulevard and A-Site Landfill;  
• OU #3, King Highway Landfill;  
• OU #4, 12th Street Landfill; and  
• OU #5, Portage Creek and Kalamazoo River sediments 
 
To date, records of decision (ROD) have been reached for OUs 2, 3, and 4. With each 
completed ROD, the remedy selected has been a landfill with a cap (MDEQ-OGL, 2012).  In 
addition, a number of time critical removal actions (TCRA) have taken place to remove PCB hot 




6.2-Conservation Strategy in AOC 
 Given the positioning of the OUs in relation to the Kalamazoo River and the different 
land use patterns in the area, land conservation goals in and around the Kalamazoo River AOC 
differ from conservation goals for the watershed as a whole. As a result of numerous TCRAs and 
the current RODs in place, it is understood that many of the sites associated with the AOC will 
no longer serve as functional landscapes in an ecological or recreational sense (KRWC, 2009). 
As evidenced by Table-14 below, approximately 85 acres of land will have restrictive land use 
controls associated with the landfill/cap remedies chosen for the respective sites. These landfills 
are located along the stream banks of Portage Creek and the mainstem of the Kalamazoo River.  
Historically, these lands were mixed hardwoods and wooded wetlands, as illustrated in Table-14.   
As such, the conservation strategy in and around the Kalamazoo River AOC focuses on 
mitigating the impacts from hydrologically and ecologically isolating these OUs, by permanently 
conserving lands in and around the Kalamazoo River AOC that offer ecological and recreational 
benefits to the river. Local stakeholders and state and federal agencies proposed a 1:2 habitat lost 
to replacement ratio (KRWC, 2009). This ratio, which is directly derived from the MDEQ – 
Water Resources Division (WRD) wetland mitigation strategy, will be utilized as a benchmark in 
evaluating the success of conservation strategies in and around the AOC. It is understood by the 
planning team that the conservation acreage goals are subject to change, especially as the extents 
of all OUs are further delineated.  
 









Acreage Replaced to 
Date 
OU#1 22 44 Mixed Oak Savanah none 
OU#2 33 66 Mixed Hardwood Swamp none 
OU#3 23.2 46.4 Mixed Hardwood Swamp none 
OU#4 6.5 13 Mixed Hardwood Swamp none 




6.3 AOC Conservation Methods and Results 
 Conservation criteria and model outputs, as described in Sections 2.0 and 4.0 respectively 
were used in evaluating the conservation potential for parcels in and around the AOC. For the 
purposes of the KRWLCP, special attention was given to the spans of river stretching from the 
southernmost landfill (OU#1) to the northernmost landfill (OU#4), as depicted in Figure-16. This 
includes segments of Portage Creek and the mainstem of the Kalamazoo River. In order to 
evaluate the conservation suitability of parcels in this region, a 3,000 foot buffer was created 
using ArcGIS, around the subject stretch of river. Within the 3,000 foot buffer, an examination 
identical to the HUC analysis was conducted; the analysis identified the total of parcels and 
acreage scoring in the top 20% (Tier 1 and Tier 2). 
Within the AOC buffer, approximately 130 parcels scored in the top 20% of scoring 
parcels, containing approximately 5,900 acres. The grand mean for the top 20% of scoring 
parcels in the AOC buffer was approximately 50.45, which is slightly higher than the grand 
mean for the watershed as a whole. The highest scoring parcel in the AOC buffer was 65.72. The 
top 20% of scoring parcels within the AOC are illustrated in Figure-17. Of the 130 parcels 
identified in the top 20%, seven parcels were identified in the top 100 scoring parcels, identified 













7.0-Discussion and Outreach  
The results described in Section 5 provide a snapshot of conservation targets developed 
from the KRWLCP. The primary unit of focus of this plan was ownership parcels but these are 
not easy to succinctly include in a report.  As a result (and with the exception of the top 100 of 
these parcels) specific priority conservation parcels are not individually identified in this report. 
To compensate for this, a database of these priority parcels, described in Section 5.2, was created 
to house this information. Organizations and individuals interested in pursuing these 
conservation targets should contact either the KRWC or the SWMLC to acquire a copy of this 
database. In addition to providing these concrete conservation targets, this plan can be thought of 
as a “jumping off” point for future conservation efforts. In particular, the subwatersheds 
identified as priorities can be thought of in this way and represent excellent candidates for future 
study and planning.  
In the short term, to provide for the immediate implementation of the KRWLCP, the 
SWMLC and other project partners plan to conduct targeted mailings to high priority land 
owners. Initial contact will be made using a suite of postcards developed by the planning team, 
addressing specific natural features found on a targeted parcel (Attachment-4 for postcard 
examples). In addition, the SWMLC plans to hold several outreach meetings annually for owners 
of high priority parcels. These meetings will serve to provide information to landowners 
regarding conservation options available to them. 
 While it is believed by the planning team that those parcels and subwatersheds identified 
by the conservation model represent quality targets for future land conservation efforts, it is also 
understood that local conservation efforts should take into consideration local environmental and 
socioeconomic conditions when identifying priority lands. Additionally, the conservation model 
utilizes the appropriate GIS data layers available at the time it was constructed. As data layers 
are updated and new criteria relevant to water quality are made available as spatial data, the 
conservation model should be re-evaluated and the addition of new/relevant GIS data should be 
considered. It is recommended that the KRWLCP be reviewed and potentially updated on 
schedule with revisions to the KRWMP. In this sense, the KRWLCP should serve as a working 
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